The correlation between the activity of a metallic oxide in a ternary slag system and the sulphide capacity of the slag was investigated. The solubility of sulphur in the binary systems CaO-SiO 2 and Al 2 O 3 -CaO along with its sulphide capacity of the Al 2 O 3 -CaO-SiO 2 system respectively have been used to estimate the activities of CaO at the compositions of some Al 2 O 3 -CaO-SiO 2 intermediate compounds. Estimation has been carried out assuming that the Gibbs free energy of fusion for the ternary composition is additive of those for pure substances. The estimated values of the activities are in good agreement with the measured values. This correlation is not only used to evaluate the activity but also, by comparing the estimated activities with the measured ones, it is possible to elucidate the applicability of Henry's law to the activity of a metallic sulphide and to determine the order in the affinity of a cation to sulphur between two metallic oxides in a slag.
Introduction
In the refining of steel, activities of slag components and sulphide capacities of slag systems are both important thermodynamic concepts. In view of the great importance of these properties, considerable efforts have been made to obtain reliable experimental data regarding these properties as well as to extrapolate the data using suitable theoretical models. It is to be noted that the relative partial molar Gibbs energy of mixing, which is equal to RT ln a M x O (where R is the gas constant, T the temperature and a M x O the thermodynamic activity of the component oxide M x O in the slag) as well as the sulphide capacity are partial molar properties of the system. In fact, the sulphide capacity of a binary silicate slag is related to the thermodynamic activity of the basic oxide in the system. Nilsson et al. 1) have shown for a number of binary oxide systems that the sulphide capacities are linear functions of the activities of the basic oxides. Similar correlations are extremely desirable for higher order systems. Development of such correlations is difficult due to the non-adherence of the sulphide activities in the complex slags to Henry's law and the uncertainty regarding the relative effects of the various metal oxides with respect to their affinities to sulphur. A successful thermodynamic exercise in correlating the sulphide capacities with thermodynamic activities will yield a sounder theoretical basis for the use of thermodynamic principles in the desulphurization process in steelmaking. This is due to the fact that, the concept of sulphide capacity itself is built on the assumption that the activity coefficient of the sulphide ion in the slag as well as the oxide ion activity are independent of the sulphur content.
However, the present attempt has a dissimilar aim. The thermophysical and thermochemical properties of slags are strongly dependent on the slag structure. Hence, it is natural to expect that these properties are interrelated. Based on this concept, considerable work has been carried out in the Division of Metallurgy, Royal Institute of Technology on relating viscosities with thermodynamic properties 2) and phase diagram information, 3) and enthalpies as well as densities. 4 ) Establishment of such mutual correlations would enable to estimate one property from another having reliable experimental data available. In the present study, a correlation between the activity and sulphide capacity respectively was developed for ternary systems in order to evaluate the activity of the metallic oxide of ternary systems from the sulphide capacity. It is expected that this approach will pave the way for developing models for the prediction of the thermodynamic activity of slag components from the vast amount of experimental data available for the sulphide capacities of multicomponent slag systems.
Basic Considerations
The equilibrium controlling the incorporation of sulphur in a slag from the gas phase at low chemical potential of In order to develop a method for evaluating the activity of the metallic oxide of ternary systems from the sulphide capacity, the CaO-Al 2 O 3 -SiO 2 system is considered as an example. Equations (7) and (8) The standard Gibbs energy change for Eq. (9) is 6) :
DG°9ϭϪRT ln K 9 ϭ92 048Ϫ4.73T (J/mol) ...... (11) To evaluate the value of a CaO from the sulphide capacity by using Eq. (10), the value of g CaS at a ternary composition is required. When a ternary composition is containing substances 1 and 2 besides CaO and, the activity coefficients of CaS in CaO-1, and CaO-2 binary systems are known, the value of g CaS at the ternary composition can be calculated by using the activity coefficients in CaS for the two binary systems, i.e., g CaS,1 and g CaS,2 by employing the following equation, 7) ....... (12) where DG Table 1 were taken from the compilation of Turkdogan. The values at 1 773 K are summarized in Table 2 . Since g CaS for the binaries compounds a, b and c respectively is obtained as 120, 12 and 20, 8) and assuming that the activity of CaS obeys Henry's law, the g CaS at the ternary compositions I, II, III and IV can be calculated by Eq. (12) where Eq. (20) was used to check the consistency of the calculations. By using information of the C s 9) along with the values presented above, the activity of CaO can be calculated by using the relationship presented in Eq. (10) . Comparison between the calculated and the measured values 10) respectively are found in Table 3 . The agreement is reasonable, considering the above made assumptions and the accuracies of the experimental measurements for a CaO and C s .
g g MnS in the MnO-SiO 2 -TiO 2 System
To evaluate the activity of a metallic oxide in a slag system from the sulphide capacity of the slag using Eq. (8), the activity coefficient of the metallic sulphide is required. To deduce the activity coefficient of the sulphide from the solubility of the same, it is assumed that the activity of sulphide obeys Henry's law. This assumption is in the following section examined for the MnO-SiO 2 -TiO 2 system. Figure 2 shows a comparison of the activity coefficient of MnS, g MnS , calculated from the data of C s and a MnO by using Eq. (8) and the one obtained from the MnS solubility 11) using the relation g MnS ϭ1/x°M nS where x°M nS is the solubility for the MnO-SiO 2 -TiO 2 system.
12) It can be seen that the values of g MnS obtained from the MnS solubility are 1 to 5 times smaller than the ones calculated from the data of C s and a MnO by employing Eq. (8) . This result indicates that Henry's law does not hold because x°M nS is very high ranging from 53 to 73 wt%. 11) Consequently, it is concluded that evaluation of a MnS from C s using Eq. (8) makes a large error in this system.
Relationship between a O 2؊ and C s for Slags Containing Two Metallic Oxides
Although this evaluation method is only available for the slags containing one metallic oxide, it is interesting to consider the relationship between the activity of a metallic oxide and the sulphide capacity of a slag system containing two metallic oxides by using Eq. (6) . Figure 3 shows the relationship between C s and a MnO for the MnO-SiO 2 system and BaO-MnO-SiO 2 system at low BaO content. 13) When log C s is plotted against log a MnO , a straight line appears with a slope of unity for higher SiO 2 content of the BaO-MnO-SiO 2 system and the MnO-SiO 2 system as shown in Fig 3. Since Eq. (6) Figure 4 illustrates the relationship between C s and a BaO for the BaO-MnO system 13, 14) where BaO is considered to be more basic than MnO. It is found that the plot of log C s vs. log a BaO yields a straight line having a slope of unity. This clearly indicates that a BaO rather than a MnO is closely related with a O 2Ϫ.
Summary and Conclusions
The correlation between the activity and sulphide capacity was developed for ternary systems. A method to evaluate the activity of a metallic oxide of a ternary slag system from the sulphide capacity of the same is presented. For this method, the activity coefficient of the metallic sulphide is required. The activity of CaO at some compositions in the CaO-Al 2 O 3 -SiO 2 ternary system was successfully evaluated from the sulphide capacity data and the activity coefficient of CaS in the CaO-SiO 2 and CaO-Al 2 O 3 binary systems assuming that the Gibbs free energy of fusion for the ternary composition is additive of those for pure substances. The activity coefficients of CaS were obtained from the solubility of CaS assuming that the activity of CaS obeys Henry's law. Although the activity coefficient of the metallic sulphide is required in this method and was obtained from the solubility of the same, the solubility of metallic sulphides have been measured in few cases and some values may be too large to assume Henry's law. This limits extension of this evaluation method at this stage. Relationship between log C s and log a MnO for the MnO-SiO 2 system and BaO-MnO-SiO 2 system at low BaO content.
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Relationship between log C s and log a BaO for the BaO-MnO system. 13, 14) 
